We have constructed an RNA-packaging-deficient mutant of N-tropic murine leukemia virus WN1802N by removal of 330 nucleotides located between the upstream long terminal repeat and the start of the gag gene region. Transfection into mink CCL64 cells produced a cell line capable of packaging retrovirus vectors into ecotropic, Fv-1 N-tropic virions. Using retrovirus vectors that confer resistance to the antibiotic G418, we demonstrated that the magnitude of restriction in BALB/3T3 and SIM.R cells (both Fv-lb/b) and in RFMI3T3 cells (Fv-1`1r/`) is approximately 100-fold compared with that in AKR or NIH 3T3 cells (both Fv-ln/n).
The host range restriction governed by the Fv-J gene is one of the most important genetic factors affecting replication of endogenous ecotropic murine leukemia virus (MuLV) (21, 26) . N-tropic MuLV is defined by the ability to replicate in Fv-J hosts (prototype, NIH Swiss) and to be restricted in Fv-lb hosts (prototype, BALB/c) (19) . Reciprocally, Btropic viruses are defined by their ability to replicate in Fv_J b hosts and to be restricted in Fv-J' hosts. The restrictive phenotype is codominant such that a heterozygous Fv-Jnlb host will restrict viruses of either tropism. A virion target molecule confers sensitivity to restriction, and virions phenotypically mixed with N-tropic and B-tropic virus will be dually sensitive to either Fv-1' or Fv-lb (38) . The determinant for N or B tropism resides in the capsid protein, CA (also known as gag p30) (39) , and two adjacent amino acid differences determine host range (13, 33) . Endogenous ecotropic proviruses of most strains of mice are N-tropic. B-tropic viruses emerge late in life in some Fv-lb strains and are apparently recombinants, acquiring the B-tropism determinant from endogenous nonecotropic MuLV-related proviruses (4, 6, 16, 37) . Virus isolates that have lost sensitivity to Fv-J are termed NB-tropic (19) . Sensitivity to either Fv-lb or Fv-J' restriction is donated to NB-tropic MuLV by phenotypic mixing with N-or B-tropic MuLV, respectively (24) .
Fv-1 restriction is relative rather than absolute and is evident in cell culture as a 30-to 1,000-fold reduction in virus infectivity for cells of the restrictive genotype (19, 35) . The sensitive step in viral replication is not known precisely but clearly involves some aspect of reverse transcription or integration or both (9, 20, 23, 42) . Typically, linear DNA is synthesized normally but circular forms and integrated molecules are greatly reduced or not detected. Recent studies on the mechanism of retroviral DNA integration in vitro may provide an approach to examine the Fv-J mechanism, especially with regard to the integration of linear DNA molecules (8, 15) . Integration and circle formation appear to involve the same Fv-1-sensitive process.
One of the controversial and confounding problems with respect to Fv-1 is the phenomenon of multihit titration kinetics (36) . Some investigators argue that this is a fundamental property of the Fv-1 mechanism (2, 3), whereas others suggest that restriction is observed as a reduction of infectivity in restrictive cells but that kinetics are single hit, as they are in permissive cells (22, 40) . The multihit kinetics of infectivity have been interpreted to mean that an initially infecting virus particle is restricted and does not replicate but in some way transiently inactivates the Fv-J gene product such that a subsequently encountered virus can establish a successful infection (14) . This process is termed abrogation. Experimental evidence for abrogation has been presented, and it is operative only after infection by restricted virus, with nonrestricted virus having no (25) , S+L-focus assay (34) , or G418-resistant colony formation. For G418-resistant colony formation, culture medium was supplemented with 500 ,ug of G418 per ml the day after infection. Cultures were routinely refed with medium containing 500 ,ug of G418 per ml every 3 to 4 days and stained on day 15 for counting.
DNA clones of vectors and viruses. The hygromycin Bresistant plasmid pY3 (5) was obtained from the American Type Culture Collection. The Moloney MuLV-based vector RSV Linker-1 (hereafter designated RV-neo) is derived from pMVBglNEO-3 (27) . By using oligonucleotide linkers, a 570-base-pair PvuII-to-HindIII fragment of the Rous sarcoma virus long terminal repeat (LTR) was inserted into the BglII site of pMVBglNEO-3 just 5' of the neomycin resistance gene to serve as the transcription promoter (Fig. 1B) . A clone of Moloney MuLV, p63-2 (28), was generously provided by Hung Fan, University of California, Irvine. The molecular cloning of N-tropic MuLV WN1802N has been previously described (7) .
Construction of an RNA-packaging-deficient mutant provirus. The packaging-deficient virus genome was derived from three separate cloned viruses. Figure 1A schematically depicts the components and their origins. The entire proteincoding region was derived from a recombinant DNA clone of the N-tropic virus of BALB/c, pWN41 (7). This was subcloned as a PvuI-PstI fragment (colinear with provirus) and subsequently digested with Bal 31 from the PvuI site toward the initiation codon of the gag gene to remove cis-acting sequences required for virion RNA packaging (Psi site) (29) . Nucleotide sequence analysis (dideoxy) demonstrated that 330 bases were removed (Fig. 2) Fig. 1A were cotransfected with the hygromycin B-selectable marker pY3 into CCL64. The hygromycin B-resistant clone A7-11 (hereafter designated as N-Pac to identify it as an N-tropic, ecotropic MuLV-packaging cell line) was shown to be expressing MuLV antigens by fluorescent antibody testing (not shown) and was tested for its ability to package retrovirus vectors. In order to introduce a rescuable vector into N-Pac cells, we infected them with the G418-selectable vector RV-neo produced by the amphotropic packaging cell line PA317. Colonies were selected in G418, and the clone exhibiting the highest titer of released RV-neo (as measured by G418- that the titration kinetics were single hit in both permissive (AKR) and restrictive (BALB/3T3) cells. The AKR cell line was slightly more sensitive to infection by the NB-tropic RV-neo(Moloney MuLV) than was the BALB/3T3 cell line; thus, some of the difference in titer with RV-neo(N-Pac) may be due to factors other than Fv-1. To further validate the tropism of vectors produced by N-Pac, we infected SIM.R (Fv_lb/b) and RFM/3T3 (Fv-lnr/n). As shown in Table 2 , both restricted the establishment of G418-resistant colonies by approximately 100-fold compared with the permissive NIH 3T3 (Fv-J'I') and SC-1 (not expressing Fv-J).
Fv-1 phenotype of G418-selected cells. We next wanted to know whether the successfully infected cells in the genotypically restrictive culture might actually represent cells which were phenotypically nonrestrictive. It seemed possible that some instability in Fv-J expression might result in permissive subpopulations within the culture and that these would be selected for in this system. Thus, what appeared to be abrogation or some other bypass of Fv-J might simply be "SC-1-like" cells that have lost the restrictive phenotype. We therefore recovered several G418-resistant colonies of BALB/3T3 cells established by infection with the N-tropic RV-neo(N-Pac) and expanded them by passage until numbers were sufficient to assay for Fv-J phenotype. To control for any effects of the RV-neo vector in these cell clones, similar clones were recovered following infection with RVneo(PA317). This vector stock, being NB-tropic, does not challenge the Fv-J restriction system and should not select for permissive cells. The assay was done by standard XC plaque assay with N-tropic virus and, for comparison, with the parental uncloned culture of BALB/3T3 as well as with another stock of BALB/3T3 obtained from the American Type Culture Collection. The results are shown in Table 3 . It is clear that the G418-resistant cell clones derived from the N-tropic packaged vectors have maintained their restrictive phenotype. They are equivalent to G418-resistant cells derived from NB-tropic packaged vectors as well as to both BALB/3T3 cultures in restriction of N-tropic MuLV.
DISCUSSION
In this report, we have described the construction of a helper virus-free Fv-J-sensitive packaging system and have used it to study Fv-J restriction. We have followed the strategy of Mann et (11, 12, 31, 32, 36, 41) ; however, it is not unanimously supported (22, 40) . The concept of abrogation of Fv-1 by the initial hit and successful infection by the second hit is a very appealing explanation of the titration kinetics and has been supported by numerous experiments (2, 3, 14, 31, 43 
